Abstract
INTRODUCTION
Migraine is a common problem recently classified as an important cause of morbidity by the Global Burden of Disease 2010 and sometimes its treatment can be difficult [1] . In some individuals, the migraine is refractory to guideline-based treatment protocols, although there are many substantial advances in migraine therapy [1, 2] . Nowadays, it is believed that knowledge of the scientific basis and techniques for nerve blockade is important in making treatment decisions in these refractory migraine cases, but the mechanisms by which these interventions work are not clear. It is believed that the use of local anesthetics breaks the pain cycle by ameliorating both central and peripheral sensitization [2] [3] [4] . The greater occipital nerve (GON) which is the branch of the second cervical root is the primary sensory nerve of the occipital area of the skull and GON block is the most widely used procedure which is very effective, safe and relatively easy to perform in the examination room [1] [2] [3] [5] [6] [7] [8] [9] . As a practical estimate, it is a point located approximately two-thirds of the distance on a line drawn from the center of the mastoid to the external occipital protuberance [1] [2] [3] . A small dosage of local anesthetic agent is sufficient to block GON and fairly well accepted indications for aestheticizing GON are occipital neuralgia, cluster headache and cervicogenic headache [5, 8] . Although controlled studies are limited, GON block seems to be particularly effective in migraine cases and even in some patients with refractory chronic migraine too [6] [7] [8] [9] [10] [11] . Occipital area and neck symptoms seen in migraine patients suggest a functional connectivity between nociceptive trigeminal and cervical afferents, although it is unclear how blocking these structures might affect centrally mediated primary neuropathic phenomena [2, [8] [9] [10] [11] [12] . GON injections with local anesthetics have been used for the acute and preventive treatment of migraine for decades [6, 12] . The acute effect of local anesthetics can be explained, but long-term improvement results from anesthesia that lasts some hours is still not clear [2, 11] . Despite reports with pleasing clinical experiences, little support exists for the efficacy of GON block in refractory cases. Here, we noticed a remarkable success in intractable 9 cases with chronic migraine, although it is true that indications for GON blockade in migraine are not yet entirely clear.
MATERIALS AND METHODS
The results of 9 patients with relevant forms of chronic migraine headaches not responding to conventional therapies were evaluated in these observational reports. All patients were suffering from migraine headaches and referred to algology outpatient clinic of Göztepe Teaching hospital in Istanbul in 2015. All patients were suited for the clinical concept of refractoriness defined by The European Headache Federation [12] . Prophylactic migraine medications (at least 3 different drug regimens) in adequate dosages had been used for at least 3 mo each. All patients had a preventive therapy for at least 1 year. There was no overused medication but 5 of them had histories of drug overuse, which had been treated at the beginning of preventive therapy which started one year ago. All patients had tenderness around GON. None of the patients had injection contraindication, such as infection, open skull defect, known allergies to anesthetic agents, anticoagulant use, and tendency for vasovagal responses to injection. The procedure was explained step-by-step to the patients. During followup, all patients continued to use preventive drugs (i.e., beta blockers, flunarizin hidroklorür, topiramate, sodium valproate, amitriptyline, duloxetine) administered previously.
After ensuring that expectations about treatment regimen were appropriate, the patients were seated on a chair of sufficient height so that the physician could easily perform the injection. A line was drawn from the center of the mastoid to the external occipital protuberance; approximately one-third of the distance from protuberance was accepted as injection target [2, 3, 9] . The neck was flexed forward. The plunger of the syringe was pulled back and injection was started only if there was no blood return. A mixture of 2% lidocaine (2 mL) and saline solution (3 mL) was injected subcutaneously into 2 target points around GON bilaterally. The total injected volume was 5 mL. GON infiltration with lidocaine were administered once a month and repeated for 3 consecutive months. The patients were regularly followed up for prognosis and to ensure patient compliance for the next three months. At each visit, the Visual Analog Scale was used to record subjectively experienced pain severity on a 10-point numeric pain rating scale [13] . MIDAS which is a selfadministered questionnaire, including five disabilityrelated questions during the previous 3-mo period was used to assess disability related to pain at baseline evaluation and at the 6 th month visit [14] . The sum of the scores related to answers of these five questions is the MIDAS score. The patients reported not only the number of lost days due to headache but also the number of additional days with significant limitations of activity (i.e., at least 50% reduced productivity) in any type of work domains. In the present study, analgesic use (triptans, ergot alkaloids and other analgesics) was measured as the number of dosages per month. Changes in attack number, symptom severity and other measured variables were recorded for each visit. The key for success was prevention of attacks at the followup periods in the present study.
RESULTS
The mean age of 9 patients (2 males, 7 females) was 38.75 ± 8.23 years. Only 1 patient did not show expected improvement in pain severity and reported no benefit after the first injection. He did not tolerate this invasive procedure because he felt pain; he refused the second injection. Baseline and 6 th month MIDAS scores of the eight patients who completed follow-up period were 31.87 ± 3.98 and 6.75 ± 2.76, respectively (P = 0.000). The pain characteristics and follow-up results of the patients are shown in Table 1 . The use of GON blocks markedly decreased migraine attack frequency, severity and duration, and analgesics use compared with baseline symptoms in these patients.
Comparing these variables between the 3 rd month after the injection and previous time points showed that all indices were improved during the first 3 mo and the subsequent 3 mo follow up. Although the results were better compared to the baseline, the number of attacks and attack severity increased in the 6 th month. None of the patients reported paresthesias or prolonged numbness which could indicate mechanical damage to the nerve in the distribution of GON. In addition, no local anesthetic systemic side effects were noticed, including alterations in syncope, consciousness, and rarely, arrhythmias and seizures.
DISCUSSION
Migraine is a paroxysmal disorder and increased number of attacks can lead to chronic migraine. Then, migraine becomes less responsive to acute treatment as well as prophylactic medications [4, 15] . It is obvious that all the migraine attacks should be treated in the patients with a reduced efficacy of overused analgesics or migraine medications such as triptans and a lack of responsiveness to the abortive and preventive medications. The anatomic connection between GON and C2 roots supplies the rationale of a central action reducing or minimizing the nociceptive transmission related to pain [3, 4] . Previously, anesthesia of the lesser occipital nerve, the auriculotemporal nerve, the supraorbital and supratrochlear nerves or the sphenopalatine ganglion were much studied, but efficacy in the treatment of migraine were generally anecdotal or studied in combination with other nerve blocks [2, 3, 16, 17] . New reports showed that GON blocks may be considered as a new therapeutic opportunity for chronic headaches refractory to conventional medical therapies [4, [6] [7] [8] [9] 18, 19] . In the present observation, we assessed the effect of GON blocking on migraine headaches by evaluating the pain severity, pain frequency, and times to use of analgesics. The results showed that GON block with lidocaine and saline mixture for the treatment of patients with refractory migraine was a safe, simple, and effective technique without any adverse effect. During the period of Koçer A. Greater occipital nerve block in migraine monthly injections, decreased prostration and increased productivity, decreased triptan, ergot alkaloids and any other analgesic use, and decreased visits to emergency clinics were recorded. As reported in the results section, our patients had decreased numbers of attacks with low severity, but the effects were temporary, although there was still a significant difference between baseline severity and the 6 th month results (Table 1) . Afridi et al [11] recommend that tenderness around the GON seems to be predictive of a good response to GON block in the patients. Although evidence is not entirely clear on tenderness over GON, the patients had tenderness and responded very well in the present cases. We think that this might be a selection criteria for evaluation in further studies. It is well known that local anesthetic agents inhibit neural activity by interfering with voltage-gated sodium channels, so they prevent depolarization resulting in hindered pain transmission by nociceptive C fibers [2] [3] [4] . GON block can produce beneficial effects in migraine type headache involving regions outside of the territory served by these nerves. This result is often explained by the concept of convergence (particularly between trigeminal and upper cervical sensory afferents) in the nociceptive system of the head and neck region [2] [3] [4] . Local anesthetics are easily absorbable and diffuse across nerve membranes and, even low concentrations of local anesthetics block only sensory fibers in mixed nerves without affecting motor function. The ester anesthetics, e.g., procaine and cocaine, were first to be used clinically, but their use was limited due to allergenicity. The amide local anesthetics, e.g., lidocaine, mepivacaine, bupivacaine, and prilocaine, are relatively hypoallergenic, stable, longer acting and well tolerated, hence they are more widely used for blocks in clinical practice. Although bupivacaine has more prolonged action, lidocaine is a more common choice for peripheral nerve blockade [20, 21] . For this reason, we used lidocaine as an easily obtainable agent in the present study. GON block with lidocaine repeated monthly for duration of 3 mo was a simple way of preventing migraine attacks and did not present any particular risk. The tendency in clinical practice is to use bilateral GON block in refractory chronic migraine cases, although this issue has not been clearly defined as yet [4, 22] . Similarly, we used bilateral injections, it was reasonable because the patients had mostly common-type migraine attacks. Lidocaine is metabolized by the hepatic cytochrome enzyme systems and some drugs, e.g., antiarrhythmics, antibiotics, antiepileptics, calcium channel blockers, and antidepressants can inhibit this system [4] . This can result in adverse effects which are secondary to increased anesthetic levels with only minimal intravascular absorption [2, 14, 21, 23] . Although most of our patients used drugs which could be interfered with lidocaine, we did not see any adverse effects. Although controlled large trials to study the effectiveness of different local anesthetic procedures are still lacking, lidocaine seems to be affective.
In fact, the placebo effect on diseases as migraine can be of great relevance and GON block as treatment of refractory chronic migraine can be made only after randomized double blind trials. This represents a main limitation of the findings described in the present paper.
In conclusion, GON blocks with lidocaine seem to be the most reliable path for the transitional treatment of refractory chronic migraine in order to take them back toward non-refractoriness, which can be easily treated by the conventionally-accepted preventive therapies. GON blocking with a lidocaine and normal saline mixture resulted in reduction in pain severity and frequency, and use of analgesics for up to three months after the third injection. We think that this procedure can be effective in refractory migraine cases and should be included in such management plans.
COMMENTS

Case characteristics
Nine concecutive migraine patients with refractory to the most accepted treatment protocols.
Clinical diagnosis
The authors used European Headache Federation proposed criteria for refractory chronic migraine diagnosis (chronic migraine, no medication overuse, prophylactic migraine medications in adequate dosages used for at least 3 mo each, contraindications or no effect of the following preventive medication with at least 3 drugs, adequate treatment of psychiatric or other comorbidities by multidisciplinary team).
Imagings for differential diagnosis
All patients had cranial computed tomography or magnetic resonance imaging to exclude organic pathologies.
Laboratory diagnosis
All labs were within normal limits.
Treatment
A mixture of 2% lidocaine (2 mL) and saline solution (3 mL) was injected subcutaneously into 2 target points around greater occipital nerve (GON) bilaterally.
Related reports
GON injections have been used for the acute and preventive treatment of migraine for decades. The acute effect of local anesthetics can be explained easily, but long-term good results continuing for months from anesthesia is still not clear.
Term explanation
A mixture of lidocaine and saline solution was injected subcutaneously into 2 target points (one-third of the distance from occipital protuberance to mastoid) around GON bilaterally.
Experiences and lessons
GON injection can be dramatically effective in refractory migraine cases and should be included in the practioner's management plan.
Peer-review
This manuscript describes the effect of GON blocks in the treatment of refractory
